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‘J’wo W1)M cbamcls  al 1320 nm and 1312 nm carrying RF signals arc simultaneously

up/down convcrlcd  by a fiber-based optoclc~[ronic  oscillator. l’he conversion efficiency are found

to bc ---8 cIH and the incoming signals has no effects on the local oscillator spectrum purity.
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IJibcr optics has been rapidly penetrating int~ the microwave systems as the advancement of

the optical component technology. in additional to microwave transmission for subcarricr  systcn]s

[ 1 ] ancl satellite communications [2], many new capabilities has km dcmonstratccl  such as

microwave gcncrat  ion, filtering and mixing, which arc traditional] y performed by the microwave

electronics. Additionally, emerging wavclcnglh  division multip]cxing  technology not only finds its

place in increasing the systcm capacity, but also in microwave signal processing such as true time

delay control for phased array antenna sysIcms[3].  A novc] microwave fiber-optic link }las bwn

pro~mcd where the information data is up/down convcrtcd  by two external modulators [4]. Such

a schcmc offers advantage of avoiding need of high speed photodetectors and microwave mi xcrs,

1 ]owcvcr  , onc difficult task still remain that the electrical local oscillator (1.0) is nccdcd.  The high

frequency 1.0 is generally obtained by multiplying a low frequency standard (i.e. 10 MI 17,) through

numerous stages of mu]tip]icr and amp]ificrs, which is bulky and cumbersome. Rcccntly,  a ncw
kind of fiber-basccl pbotonic  oscillator has been proposed and dcmonstratcc] [5]. Such a oscilla[m

ml ~:cncra~c  microwave with high spcc(IuIn ~mrity up to ‘7S G] Iz, and many intcrcstillg  capabi]itics

such as subcarricr/clock  rccovcry and microwave rcgcnera(ion  have been demonstrated. Wc
propose a ncw functionality for this microwave oscillator, i c,, photonic  microwave mixing for

W1)M systems [l~ig. 1a]. II) this approach, WDM channc]s carrying RF signals arc simultaneously

down convcrtcd  to 1 I; by a fiber-based local oscillator, and clc(c.cted  by low spccct detector arrays.

in the demonstration, RF signals carried OJI the wavelengths of 1320 m and 1312 mn are
simultaneously down/up convcrtcd by the photonic  oscillator at - 5 G] 17,. I’hc conversion

efficiency is found to bc -8 dB and the local oscillator spectral purity is not affcctcd  by the

incoming signals.

“J’hc photonic  oscillator is basically a microwave cavity with the open loop gain larger than

1 [fig. lb]. ‘]’hc cavity consists of the optical pumping light being moctu]atcd  by a cxtcrna]

moclulator, transmitted by a fiber clclay  line, dctcctccl  by a photoclctcctor,  electrically ampliticd and
feed back into the modulator Rl~ drive port. lust as a fiber based ring laser, utilizing a fiber delay
offers the advantage of cffcctivc  high-Q cavity which results superior Rl: spcctmn  purity. IJsing

the local oscillator as a mixer c]iminatcs the problems of Rll isolation and RI; power sharing
bet wccn the modulator and the local oscillator. Although a high speed (ictcctor and a modulator arc
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used in the local oscillator, the cost is highly jus[ificd  by the resulting spectra] purity of RF

gcncralcd by this approach, especially for the high frequency in millimeter wave range. I~ig. 1 b
also shows the cxpcrimc.ntal  setup. 1’WO optical signals at 1320 mn and 1312 t-m arc modulated at

around 6 G] 1 z with frcqucncics  50 Ml lZ apar(. ‘1’hc combincct signal arc used to simulate the

WI IM signals which will bc proccsscd  by the optoelectronic oscillator. “l’he pump for the oscillator

is at 1543 nm. ‘J’he power into the modulator is -6.5 dl)m, -4.5 dBm, and 6 dllm for 1320 nm,

1312 mn and 1543 nm rcspcctivcly. Onc output is couplc(l into the oscillator loop and passes

through a 1.5 um filter which attenuates 1.3 um signals with a 60 d13 rejection ratio. The signals

from the other port are dctcctcd and monitored by a‘1 11’ RI; spectrum analyzer. The fiber dc]ay  of

the oscillator is about 1 km and the mode selection is done by clcztrically injecting -50 dBm RF

signals at 5.17 G] Iz. The resulting signal to side-nmdc ratio is over 65 dB. The advantage of this

type of oscillator is that it could bc either rcnlotcly injection-lockcci and synchronimd by injecting

optical signal or locally synchronized by injecting clc.ctrical signals.

1 ~igurcs  2a, 2b and 2C show the mcasumi R]; spectra at the output of the local oscillator.

l;ig. 2a shows the two unconverted RF signals around -6 G] U,. l~ig.  2b shows the dOVJII

convcr[cd  signals arouncl -800 MIIz, Iiigurc R]: shows up convcrtcd signals around 11 G] Iz.
‘1’hc input power into the optical detector arc -13.8 dIln] and -11.50 dBm for 1320 mn and 1312

nm rcsJJcclivcly. The RF power from detector is amp]ificd  by about 20 all).

l;igurc  3 shows lhc performance of the oscillator. I;ig. 3a shows the dctcctcd convcrlcd

power as R function of the dctcctcd Lmconvcrlcd  siglla]s at 6 [1} ]z. ‘1’hc conversion is very linear

and nearly 1 ci13 incrcasc of the LInconvcrlccl  sisnal power rcsu]ts 1 d13 increase of convcrtcd

signs]. ‘]’here is around 4 d]~ diffcrcncc  bet wccn u]>-ccmvcrtcci  and (iown-convcrtcd  signals. “1’his
is maini y duc to the response of the optical dctcctol”  and RI; catdc.  ] ‘urther more, the curve fcm

these two wavelengths (1320 nm and 1312 nm) arc icicntical,  implying the perfect operation for the
WIJM systems. Most significant] y, the conversion c.fficicncy  ( the ratio bctwccn the convcrtcci

signals and unconverted signal ) is around -8 ciB, oniy 2 d}] penalty in comparison to a pcrfccl

conversion which is -6 dll. Note wc on] y Lm -50 (illm injection RF power, the open loop RF

power at the modulator for this injection signal is 12 (i]lm. 1 lowcvcr, the oscillation RF power at

mo(iula(or is 25 d13m, implying a 13 ciH RI; gain for ti~is oscillator. Also the phase noise ciuc to

the electrical amplifier is greatly rc(iuccd by this hi81@ fiber microwave cavity. I;inally, the
oscillator itself is not affcctcd by processing the signals bccausc  they arc cffcctivcly rcjeztcd by the

optical filter. 1 ~ig. 3b shows the spectrum of the osciiia[or  and wc founci no visible ciiffcmncc

whether the WDM signals arc injcctcd  or not,
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l’igurc Captions

1. (a) Ckmccptua]  diagram of the new functionality of the fiber optoelectronic oscillator, (b)

Iix])crimcntal  setup

2. Measured RF spectrum for (a) input Rl; signal @ 6 GI Iz, (b) clown-convcrtcd  signal @? 1

GIIY,, ancl (c) up-convcrled  signal @ 11 Gllz Both IU3W and VIIW arc 10 kllz.
,

‘3. . l’crformanec  of the oscillator: (a) the output convcrkxt  R]; power as a function of the

mconvcrbxl RF power, and (b) the spectrum of the local oscil later for the cases (1) the signals arc

not injcctcd,  (2) the signals arc injcctccl.
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